In this paper a passive Neuro-wavelet 
Introduction
The traditional distributed generation systems are wind power generation, photovoltaic power generation, fuel cell power generation, and micro-turbine power generation. A Distributed Generator (DG) is usually related to each other with the existing utility grid at one point so that they are dividing the local load. Islanding detection is an important issue when a DG works in connection with the power grid [1] - [3] .
Classical view of power system is characterized by a unidirectional power flow from centralized generation to consumers. Power system restructuring gave more emphasis to a modern view by introducing DG into distribution systems, bringing about a bi-directional power flow. In fact, the issue of implanting distributed generation into the distribution system was suggested supposing DGs will always be operating in a grid-connected mode. Anyway, few years later, it has been discerned that several operational issues are associated with distributed generation when operating in an island mode where [4] .
Power quality in reverse consists of frequency deviation, voltage fluctuation, harmonics and reliability of the power system. Moreover, one of the specialized notions developed by DG interconnection is accidental islanding [5] - [6] . Islanding condition causes abnormal operation in the power system and negative effects on protection, operation, and handling of distribution systems. Therefore, it is immediately to effectively detect the islanding conditions and promptly disconnect DG from the network.
Within this condition, a supposed island is developed, resulting in unexpected results that may consist of an increased intricacy of orderly reconstruction (out of phase switching of reclosers leading to damage of the DG, nearby loads, and utility equipment), a reduced stability of system voltage and worst of all, an increased risk to related maintenance personnel. In other words, under the scenario of islanding, line crewmembers may err in evaluation the load-side of the line as passive where distributed generations are in fact feeding power to loads; therefore endangering the life of operators and in the intervening time providing explanations on the importance of a credible alert behavior to such events. Therefore, during the interruptions of 
. (Nasser Yousefi)
225 utility power, the related DG must detect the loss of utility power and disconnect itself from the power grid quickly [7] . There are many suggested procedures for detection of an island [8] - [17] . The NDZ can be described and elaborated on as the domain (in terms of the power difference between the DG inverter and the load or load parameters) in which an islanding detection scheme under examination fails to detect this situation [10] . The second characteristic is related to the type of loads (potential loads inside island), which can be modeled as a parallel RLC circuit. This circuit is mainly utilized because it causes more difficulties for islanding detection techniques than others. [11] . Most islanding detection procedures suffer from large NDZs [18] - [19] and/or have a run-on time between half a second to two seconds [20] , and therefore cannot be utilized for uninterruptible independent operation of an island. These procedures can be mainly categorized into far and local procedures. Local procedure can be divided into active and passive ones. It is clear that these procedures may have better reliability than local procedures; so they are expensive to performance and hence uneconomical. These schemes consist of power line signaling and transfer trip [21] - [22] . Local procedures count on the information and data at the DG site. Passive procedures depend on measuring specific system parameters and do not interfere with the DG operation. One of the simplest passive methods used in islanding detection is over/under voltage and frequency. In any event, if the load and the generation on the island are precisely compatible, the change in voltage and frequency may be very trivial and within the thresholds, therefore causing an undetected islanding situation. The other inactive procedures have been suggested on the basis of controlling rate of change of frequency (ROCOF), phase angle displacement, rate of change of generator power output, impedance monitoring, the THD producer and the wavelet transform function [23] . These offer superior sensitivity as their settings allow detection to take place within statutory limits, but their settings must be attentively chosen to prevent mal-operation during network faults.
In this paper, a passive Neuro-wavelet based islanding detection procedure decreasing the NDZ to as close as possible and to hold the output power quality fixed has been extended. The suggested strategy utilizes and combines wavelet analysis and artificial neural network to detect islanding. The suggested strategy is based on the transient voltage signals generated during the islanding event. Discrete wavelet transform is powerful of decomposing the signals into different frequency bands. It can be used in finding discriminative characteristics from the achieved voltage signals. Then, the characteristics are fed to a trained artificial neural network model which is well trained puissant of differentiating among islanding event and any other transient events such as switching or temporary fault. The trained compositor was tested with the use of novel voltage waveforms. The obtained results demonstrate that this approach can detect islanding events with high degree of accuracy.
The problem model is suited for usages of Interactive Honey Bee Matting optimization (IHBMO) to find the optimal weight parameters of neural network. The HBMO is a partly recently developed procedure that has been empirically demonstrated to perform well on many of these optimization problems [24] - [27] . This optimization method has been widely utilized to solve different problems particularly the locating problems in power system. This work shows the combining procedure by regarding the universal gravitation between queen and drone bees for the standard HBMO algorithm to recover condition called the IHBMO.
This paper is organized as follows. Section II presents the problem statement. The impact of the interface control on the NDZ of over/under voltage and frequency protection (OVP/UVP) and OFP/UFP is discussed in Section III. Section IV presents the suggested procedure structure. In section V the mentioned IHBMO is demonstrated. Section VI provides the simulation results to verify the effectiveness of the suggested procedure and the conclusion will be presented in the last section of this paper
Problem Statement
The islanding detection schemes suggested in literature can be categorized into two classes: far and local as demonstrated in Figure 1 . Islanding detection schemes are effectively evaluated based on the NDZ. The NDZ corresponds to the range of active and reactive loadgeneration mismatches within the island in which the islanding detection method fails to identify the islanding state. This section explains a state-space mathematical model for the islanded system. It is supposed that the DG unit and the local load are stable three-phase subsystems within the island. The state space equations of the potential island in the standard state space form are. Figure 2 demonstrates the step response of system in the islanding mode. There sponse time constant of the island system is chosen as the analyzing time of ANFIS system output. The system under the research includes one 80kW inverter based DG connected to an RLC load having a quality factor of 1.8 and a grid. The system, controller, and load parameters are given in [6] . The performance of the DG under normal and islanded operating conditions was studied and simulated on MATLAB/SIMULINK. The inverter performs two major functions: A) Controlling the active power output of the DG and, in some times, injecting a suitable amount of reactive power to decrease a power quality problem. B) On the basis of the IEEE Standard 1547, the DG should be provided with an anti-islanding detection algorithm, which could be performed utilizing the inverter interface control. The DG interface control is designed to supply constant current output as demonstrated in [6] . to zero. Specifically, parallel RLC loads with a high Q factor often present problems for island detection. The quality factor Q is explained by
And is the ratio of the quantity of energy stored in the load's reactive components to the quantity of energy dissipated in the load's resistance. (For example, for 2  Q , there is twice as much energy stored in the L and C of the load as is being dissipated in R ) Loads that are near resonance at 0  and have a high Q-factor are the ones that cause difficulty in islanding detection. Unhappily, the level of real or reactive power mismatch is not exceptionally determined by load parameters. Particularly, the reactive power consumption of the load is given by
Equation (3) clearly demonstrating that there are infinitely many combinations of L and C that will produce the same Q  .
Non Detection Zone (NDZ)
A procedure causing a smaller NDZ will be able to detect the islanding more reliably. It can either be demonstrated in terms of power mismatch or in terms of the R, L, and C of the load. In [6] , [28] , an approaching representation of the NDZ for OVP/UVP was extracted. An 228 exact and precise representation of the NDZ is presented in this part of paper. The paper studies the NDZ of an OVP/UVP and OFP/UVP islanding scheme when implemented for constant current controlled inverters. In order to determine the quantity of mismatch for which the OVP/UVP and OFP/UFP will fail to detect islanding, the quantity of active power mismatch in terms of load resistance can be demonstrated as follows:
Which V and I represent the rated current and voltage, respectively. In distribution network, voltage values between 0.88 pu and 1.1 pu are in acceptable range for voltage relays. These voltage levels are equivalent to 12 . 0   V and 1 . 0  V , respectively. The estimated inequality quantity for our test network (the inverter rated output power is 80kW), are 9.6 kW and -8kW, respectively. Frequency and voltage of an RLC load has the active and reactive power as follows:
Where V, ω, P and Q are the load voltage, frequency, active power and reactive power, respectively. In usual operating situations, a common coupling point voltage is caused by the power grid, and distributed generation system has no control overvoltage and until it is connected to the network the voltage is unchanged at nominal value of 1 pu. Once the island is took place, distribution system cannot control the voltage and the amount of active power imbalance determines the voltage deviation from the nominal values. Since the output power of the inverter is in unity power factor, before islanding reactive power of load is supplied just by network and after islanding the quantity of reactive power imbalance is equal to the consumed load before islanding, hence we have:
Where n  and r  are system frequency and resonance frequency of load, respectively.
Reactive power imbalance results in the resonance frequency, then the frequency alters after the islanding happening equals the difference between network frequency and load resonance frequency.
Thus, the reactive power imbalance needed for certain changes in frequency can be achieved by,
In distribution network of Iran, the acceptable frequency range is between 49.7 and 50.3Hz which are equal to 3 . 0   f and
Hz. In this paper test system, as shown in Figure 3 
Interactive Honey Bee Mating optimization
In this part the standard HBMO closely presented. For better illustration see ref [24] . At the beginning of the flight, the queen is initialized with some energy content and returns to her nest when her energy is within some threshold from zero or when her sperm theca is full. In extending the algorithm, the usefulness of workers is limited to brood care, and therefore, each worker may be demonstrated as a heuristic which acts to improve and/or take care of a set of broods. A drone mates with a queen probabilistically using an annealing function as:
Where Prob (Q, D) is the probability of adding the sperm of drone D to the spermatheca of queen Q (that is, the probability of a successful mating); ∆( f ) is the absolute difference between the fitness of D (i.e., f (D)) and the fitness of Q (i.e., f (Q)); and S(t) is the speed of the queen at time t. After each transition in space, the queen's speed, S(t), and energy, E(t), decay utilizing the following equations:
Where αHBMO(t) is speed deceasing factor and γHBMO is the quantity of energy deceasing after each transition (α, γϵ [0,1]).
to overcome the drawbacks of classic HBMO, the Interactive Honey Bee Mating Optimization (IHBMO) algorithm is suggested based on the structure of original HBMO algorithm. The gravitational force between two particles (F12) with the mass of the first and second particles (m1 and m2), and the distance between them (r12) can be shown as:
Where, G is gravitational constant. ˆr21 denotes the unit vector in: In the optimization method with IHBMO algorithm, the mass m1 is replaced by the symbol, F(parenti), which is the fitness value of the queen bee that picked by applying the mating wheel selection. The mass, m2, is replaced by the fitness value of the randomly chosen drone bee and is denoted by the parameter, F(parentk). The universal gravitation is formed in the vector format. Thus, the quantities of it on different dimensions can be considered separately [27] . Therefore, r21 is calculated by taking the difference between the objects only on the concerned dimension currently and the universal gravitation on each dimension is calculated separately. In other words, the intensity of the gravitation on different dimensions is calculated one by one. Therefore, the gravitation on the jth dimensions between parenti and parentk can be shown in the below equation. Finally, the below equation can be modified in iteration interval t: Developing the consideration of the universal gravitation between the drone bees, which is picked by the queen bee, and more than one drone bees is obtainable by adding different Fik.[arent-parenti]. Therefore, the gravitation Fik plays the role of a weight factor controlling the specific weight of [arent-parenti]. The normalization process is taken in order to ensure that Fik ~U (0, 1). Through the normalization of Fik the gravitational constant (G) can be deleted.
Neuro-Wavelet Based Islanding Detection
Recently, wavelet transform has been successfully implemented in solving many power system problems such as fault detection, power quality event localization and load disaggregation. The capability of wavelet in handling non-stationary signals while preserving both time and frequency information makes it a suitable candidate for islanding detection problem.
Artificial Neural Networks
ANN includes of simple processing units, called neurons, operating in parallel to solve specific problems. Figure 4 demonstrates a simple neuron with input vector P of dimension 1 R  . The input P is multiplied by a weight W of dimension 1 R  . Therefore, a bias b is added to the product WP. f is a transfer function (called also the activation function) that takes the argument n and produces the net output a. The idea of ANN is that these parameters (w and p) are adjusted so that the network demonstrates some desired behavior. Therefore, the network can be trained to do a specific job by adjusting the weight or bias parameters [29] . 
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A number of neurons can be combined together to form a layer of neurons. A one layer of R input elements and S neuron is represented in Figure 5 . Figure 5 . One layer network of R input elements and S neurons A network can have lots of layers of neurons to form multiple layers of neurons. In Figure 6 three layers of R input elements and S neurons is demonstrated by using the IHBMO. The layer that produces the network output is called an output layer. All other layers are called hidden layers. The three layer network is described in Figure 6 has one output layer and two hidden layers. 
Training the ANN
A training algorithm is described as a method of updating the weights and biases of a network so the network will be able to perform the specific design task. The training algorithm is divided into two main categorizes: supervised learning, and unsupervised learning. ANN is categorized under supervised learning. In the training stage, the training data set and the corresponding targets are added into the model. Once the network weights and biases are initialized, the network is ready for training. The weights and biases are then adjusted in order to minimize the Mean Square Error (MSE). This can be achieved using the gradient of the MSE.
Wavelet Transform WTs can be mainly divided into two classifications: Continuous Wavelet Transform (CWT) and Discrete Wavelet Transform (DWT). The continuous wavelet transform W (a,b) of signal f(x) with respect to a wavelet ф(x) is given by [30] - [31] : Where scale parameter a controls the spread of the wavelet and translation factor b determines its central position. ф(x) is named mother wavelet. A W(a,b) coefficient, shows how well the original signal f(x) and the scaled/translated mother wavelet match. Thus, the set of all wavelet coefficients W (a,b), associated to a specific signal, is the wavelet showing of the signal with respect to the mother wavelet. It is known as the Discrete Wavelet Transform (DWT):
Where T is the length of the signal f(t). The scaling and translation parameters are functions of the integer variables m and n (a=2m, and b=n.2m); t is the discrete time index. Daubechies wavelet group is one of the most suitable wavelet families in analyzing power system transients as investigated in [32] . In the present study, the db1 wavelet represented in Figure 7 (with two filter coefficients) has been used as the mother wavelet for analyzing the transients associated with islanding. db1 is a short wavelet and therefore it can efficiently detect transients. Figure 7 . db1 mother wavelet WT will be carried out on the achieved voltage signals to extract the characrtistics. The main target of characrtistic extraction is to identify particular signature of the voltage waveforms that can detect islanding and differentiate between islanding and any other transient condition. A transient signal can be completely separated into smoothed signals and detailed signals for L wavelet levels. In wavelets applications, Daubechies wavelet family is one of the most suitable wavelet families in analyzing power wavelet has been utilized as the mother wavelet for extracting the energy content of the detail coefficient of voltage waveforms. db1 is a short wavelet and thus it can efficiently detect transients. The frequency band information of the wavelet analysis is demonstrated in Table 1 . The sampling frequency is 10 kHz. 
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The energy content in the details of each decomposition level for all voltage signals was calculated using the detail coefficients in the corresponding level. The energy content in the other decomposition levels can be estimated as:
Where ED1a is the energy content of D1 for voltage signal of phase (a) and dk is the kth coefficient in the first decomposition level. After collecting the characteristics for the simulated different cases, the characteristics will be fed to a trained ANN in order to identify whether the event took place is islanding or non-islanding event. The flow chart of the suggested procedure is demonstrated in Figure 8 . 
Simulation Results
In this part, the test system in Figure 9 has been simulated by MATLAB/Simulink. The system, DG, and load parameters are listed in [33] . The Effective voltage waveform of the common coupling point for islanding mode is shown in Figure 10 . Figure 11 to 13 show an example of the wavelet details (D3, D4 and D6) of 2 cycles voltage waveform acquired from phase (a) at DG when four different events have took place. These events have taken place at time = 1.5 sec. In the suggested figures the islanding when power match (a), islanding when power mismatch (b), switching of load (c), and three-phase-toground fault (d), are shown. It is noticed from the graphs that during the fault the details dropped to zero since the DG is equipped with UOF/UOV protective relay which isolated the fault. Also, the Performance matrix of DG is demonstrated in Table 2 . Islanding Time Figure 10 . Effective voltage waveform of the common coupling point for islanding mode Figure 11 . Wavelet detail D-3 of voltage waveform in case of (a) islanding when power match, (b) islanding when power mismatch, (c) switching of load, and (d) three-phase-to-ground fault. Islanding detection procedure should be kept safe from voltage changes. By adding an adaptive system with a delay system, one can keep safe the detection procedure from the voltage changes. Therefore, the inverter output current is monitored continuously and once the difference between this current and threated current is observed the comparator detects automatically these abnormal conditions. These abnormal conditions can be sign of either: a) an electrical island, b) voltage deviation. Performance of the suggested procedure is analyzed in this mode for the various conditions which are given in the Table 4 .Three phase voltage waveform of the common coupling point for each case are represented in Figure 14 . Also rate of change of active power for all cases studied are shown in Figure 15 . Immediately following these change at the time t = 1 sec, rate of change of active power for each condition are increased or decreased. Finally, in Fig.16 the output of detection method for all studied cases are shown. It is obvious from Figure  16 that after all studied cases value of the proposed algorithm has not changed and the output of proposed method is remained 0. Thus, the suggested procedure does not send a trip signal to distributed generation and works in a reliable mode. From the other point of view, active techniques affect the power quality and do not perform well in the presence of multiple DGs. The energy content of wavelet details are then calculated and fed to a trained ANN which is capable to differentiating between islanding and non-islanding events. Following the increased number and enlarged size of distributed generating units installed in a modern power system, the protection against islanding has become extremely challenging nowadays. The main emphasis of the proposed scheme is to decrease the NDZ to as close as possible and this procedure can also overcome the problem of setting the detection thresholds inherent in the existing techniques. Simulation results verified that the islanding cases were successfully detected in case of adding untrained identical DGs since the voltage transients generated is identical.
